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It was but a  few years after d'Herelle had discovered  the bacteriophages 
that Gratia described  a  filterable  agent, also  of bacterial origin,  which  had 
properties  resembling  those of phage  (1).  This substance and others like  it 
discovered  during  the  ensuing  years, were  elaborated by certain strains  of 
colon bacilli and were termed colicines (2). Gratia first drew attention to the 
remarkably close parallelism  which  existed  between his filterable  agent and 
bacteriophage,  yet he was well aware  that this newly found microbial  killer, 
unlike phage, would not reduplicate upon serial passage.  Not until some two 
decades later, when a renewed interest in the bacterial viruses took place, were 
the colicines again brought into prominence,  and largely through the work of 
Fr~ricq (3). An account of the colicines and their relationship to the bacterial 
viruses  will be found in two review articles  which have appeared within the 
past several years (4). Here it may be seen that, although our knowledge con- 
cerning  the distribution and properties  of these  agents has been greatly ex- 
tended, our understanding of their chemical nature has not. It was the purpose 
of this study to learn something of the properties of one of these agents, colicine 
K, and to compare them with those of the coil-dysentery phage Tn, the virus 
to which the colicine is believed to be related (4). 
When  the  colicinogenic  microorganism  of  Escherichia  coli  K~  is  grown 
under proper environmental conditions it elaborates  colicine K which is found 
in the culture medium (5). By chemical fractionation it has been possible to 
purify this substance  and to obtain a  water-soluble  non-dialyzable  material 
which  has very potent antibacterial activity indeed (6). This substance has 
fairly constant  analytical properties  and,  although  solutions  in  buffer  are 
hetero-dispersed  when examined  in the ultracentrifuge, they are electropho- 
retically  homogeneous.  This  substance,  termed  "purified  colicine  K"  has 
proved to be a lipocarbohydrate-protein complex and is believed to be identical 
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with the 0  antigen of the microorganism from which it is derived. On the basis 
of chemical evidence it has not been possible to say whether colicine K  and the 
lipocarbohydrate-protein  complex  of  E.  coli  K~35 are  one and  the  same, 
or whether the colicine is in reality a  separate entity which is associated with 
the O  antigen. 
In order to gain additional insight into this perplexing problem a  study has 
been  made of the  immunological properties of purified colicine K.  It will be 
seen  that  colicine K  is  a  potent  antigen indeed,  that  it  elicits two  types of 
antibodies, one which precipitates the complex, the other which neutralizes its 
antibacterial activity. By agar diffusion techniques  it will also be shown that 
colicine K, despite its apparent chemical homogeneity, contains two immuno- 
logically active constituents.  The dominant antigen is the somatic O  antigen 
of the parent microorganism which bears the  colicine K  activity. Finally, it 
will be demonstrated  that  colicine K  bears no  immunological relationship to 
phage T6 and hence  these two agents must be presumed to be quite distinct 
entities. 
Materials  and Methods 
Strains  of Microorganisms.--E.  coli K2~: The colicinogenic strain originally used in these 
studies, E. cdi K~a~, was kindly sent to us by Dr. Pierre Frdd~ricq of the University of Lidge, 
Belgium. This microorganism was subsequently designated as R. coli K2o~L+TC+, and was 
so named because it contained a thermolabile substance which was believed to be identical 
with one of the heat-labile antigens (L) originally  described by Kanffmann  (7). In addition, it 
produced smooth transparent colonies (T) and was colicinogeulc (C+). A spontaneous mutant 
was obtained from this bacillus, K2~+OC+, which was serologicaily indistinguishable from 
the parent but which differed in colonial form (6). Its colonies were large, mucoid, and opaque 
(O). Because it produced far more colicine than the original strain this microorganism was 
used for the preparation and purification  of colicine K. This organism in turn yielded still 
another variant, K~r~L_OC+  z, the colonies of which were indistinguishable  from those of its 
parent. The bacillus differed, however, in that it did not have the thermolabile L  antigen 
(I,_) and hence was readily aggiutinable in homologous antiserum. 
E. ¢oli B: Two strains of E. coli B were used in this investigation. One, the usual laboratory 
strain, was employed for colicine K  assays; the other, a streptomydn-resistant mutant, E. 
¢oli B str.  a was used in the recombination  experiments to be described later. 
E. coli Klg: In the agar diffusion experiments which are described below it was desirable 
to employ a colicinogenic strain of E. coli serologicaily unrelated to the strain K~r,L+OC+. 
For this purpose the transfer of colicinogenicity to a recipient strain, E. coli K8, was effected 
by growing the latter in the presence of E. coli K2a~L+OC+, the donor strain. E. coli K8 is an 
F_derivative of E. coli K12 (X) (8). It has many genetic markers; e.g. it does not ferment lac- 
tose, maltose, or galactose, and it is streptomycin-resistant. It is also resistant to Phage Tt, 
and requires  thiamine, leucine,  and threonine.  This strain was obtained from Dr.  Norton 
Zinder and has been termed K8 by him. It is identical with the strain Wl177 described  by 
Lederberg (9). 
z This variant was isolated in our laboratory by Dr. Guy T. Barry. We were indebted to 
him for the culture and for the homologous antiserum used in this study. T.  AMANO, W..g.  GOEBEL,  AND  E.  M.  SMIDTH  733 
Since E. coli K8 is colicine K-sensitive, a  resistant mutant was obtained by successively 
transferring the organism in nutrient broth to which increasing concentrations of colicine K 
has been added. The resistant mutant so isolated has been designated by us as KSC_. This 
organism retained all of its original markers, but is both colicine K- and Trresistant.  The 
donor strain, E. coil K2~L+OC+,  is lac+, malt+, gal+, streptomycin-sensitive and is both T1- 
and T0-resistant. It does not require thiamine, leucine, or threonine. In addition,  it does not 
carry X-prophage yet it is insensitive to this virus. The microorganism itself carries at least 
two other prophages which have not been identified. 
The procedure employed for the transferring of collcinogenicity to E. coli KSC_ is that 
described by Frdddricq (10). The altered colicinogenic strain so obtained was termed E. coli 
K8C+. The variant was tested for its original markers all of which had been retained. The 
bacillus still carried X-prophage but not the prophages present in the donor strain E.  coli 
K2g,  L+OC+. In addition it still had its original F_ characterL 
Both the original strain E. coli K8, the colicine-resistant variant K8C_, and  the altered 
colicinogenic strain K8C+, have minor heat-stable antigens in common with the donor strain 
E. coti to K~zL+OC+. However, the somatic O-antigen of the latter is not present in E. coli 
K8, K8C_ or in K8C+. This question will be discussed  in more detail later. It should also be 
stated that the colicine elaborated by the altered strain E. coli KSC+ can be completely neu- 
tralized by colicine K  antiserum.  Moreover, the mutant  E. eoli B/K which is resistant  to 
purified colicine K is also resistant to the colicine produced by E. eoli K8C+. Thus there is no 
question but that E. ¢oli K8C+ produces colicine K. 
Antigens.--Purified colicine K  itself was prepared  by the method  described  previously 
(6). The purified substance contained 1000 units of colicine K  activity per rag.  The colicine 
K protein used in the serological studies was obtained by dissociating purified colicine K with 
phenol (6). The protein component had approximately 10,000 units of colicine K activity per 
mg. 
The partially purified O-antigen of E. eoli K~L_OC_ was isolated from the culture medium 
of the microorganism grown in casamlno add-yeast extract broth (5). The method of isolating 
the crude antigen was the same as that employed for obtaining crude colicine K  (6). Partial 
purification of the O antigen of the non-colicinogenic bacillus was achieved by adjusting the 
pI-I of an aqueous solution to pH 4.0.  The inert predpitate which separated was centrifuged 
off and discarded. The partially purified antigen was isolated from the dialyzed supernate by 
freeze-drying. From 1 liter of culture medium was obtained 0.15 gin. of a serologically active 
substance which had the characteristics of a lipocarbohydrate-protein complex. The substance 
was not precipitable by the usual protein predpitants  and contained 6.5 per cent nitrogen, 
1.5 per cent phosphorous, and 21 per cent glucose as determined by the anthrone reaction. 
All analytical procedures employed in this study were the same as those used previously (6). 
Crude Antigens orE. cdi KSC_ and K8C+.--In order to obtain the crude antigens of these 
two bacilli the organisms were grown in casamino acid medium as previously described. The 
bacterial cells were killed with chloroform, and  removed by centrifugation. The supemate 
was concentrated in vacuo to 100 mL and dialyzed for 24 hours at 5°C. The solution was then 
reconcentrated, redialyzed, and lyophylized. The yield of crude antigen was approximately 
0.2 gin. The antigen derived from the colidnogenie organism KSC+ had weak colicine activity 
and  contained 32 units per rag.  That obtained from the non-colicinogenic bacillus had no 
colicine K activity. 
Antisera.--Colicine K  antiserum: Antisera to purified colicine K were obtained by injecting 
rabbits with a sterile saline solution of the substance as previously described (6). 
Antibacterial sara: Antisera to E. coli K~+OC+  and to the L_OC+ as well as the L_OC_ 
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microorganisms were obtained by injecting three groups of rabbits with saline suspensions of 
the living bacteria. Each animal received an initial intradermal dose of 0.2 mi. of a suspension 
of bacilli containing 1 X  10  x° cells per ml. After a  5 day interval,  intravenous injections of 
2.5 X  107, 5 X  10  ¢, and 5 Y  10  ~ microorganisms were made at 3 or 4 day intervals. Following 
1 week of rest, a  second course of injections was given. Three doses of  1 X  100 ceils were 
administered at intervals of 3 to 4 days. One week later a third course of injections was given. 
In the group which received the L_OC_ bacilli, each animal was given 2.5 Y  109, 2.5 X  109, 
and 5  X  109 microorganisms at 3  day intervals. Those animals which received the L_OC+ 
and the L+OC+ bacilli were injected each time with 1 Y  100 cells. Bleedings were taken 1 
week after the final injection. 
Cogicine K  protein antiserum: Antiserum to the protein component of eolicine K  was ob- 
tained by injecting rabbits with a sterile solution of the protein mixed with complete Freund's 
adjuvant. Each animal received a  subcutaneous dose of 2.0 nag. of antigen. After 34 days a 
second injection was given and again after an additional 30 day interval. Bleedlngs were taken 
2 weeks after the final injection. 
To antiserum: The antiserum to the coil-dysentery phage To was prepared by injecting 
rabbits with To phage which had been purified by differential centrifugation (11). This same 
virus was used in the neutralization tests described later. 
Q.uantitc~i~e Pzecipitin  Reactions.--The  quantitative  determination  of  the  preeipitable 
antibody nitrogen in colicine K  antiserum was made in the usual manner (12)  using purified 
colicine K  as the preeipitinogen. 
Agglutination  ReacEons.--In  carrying out the agglutination reactions with antibacterial 
sera, or with absorbed sera, dilutions were first made as indicated in the tables. To 0.5 ml. of 
each dilution was added 0.5 ml. of the appropriate bacterial antigen. The latter was prepared 
by suspending living bacilli (1 Y  10g/mi.) in saline. The tubes were incubated at 37°C.  and 
the tests were then read after storing overnight at 5°C. 
Qualitc~ive Precipitin  Reaaions.--The  precipitin  reactions  were  performed  as  follows. 
0.5 mi. samples of the serum to be tested (diluted 1:1.5 with saline) were placed in a series of 
agglutination tubes. To each was added 0.5 ml. of the appropriate antigen dilution. The tubes 
were read following 2 hours of incubation at 37°C. and storage at 5°C. for 18 hours. 
Agar  Di.~gsion Reactions.--Agar  diffusion experiments were carried out as described by 
Ouchterlony (13). A  1 per cent solution of agar (Baltimore Biological Laboratory) in 0.1 M 
borate buffer at pH 7.6 was employed. To a liter of solution was added 0.1 gm. of merthiolate 
as a preservative. In carrying out the diffusion tests, 0.2 mi. of undiluted serum and 0.2 ml. 
of the antigen solution to be tested were placed in their respective wells. The concentration 
of the antigen employed is described in the various experiments. The plates were incubated 
at 37°C. and read after 7 days. 
Q.uanEta2ive DaerminaEon  of Colicine K  AcEvRy.--The  quantitative  determination  of 
colicine K  activity was made by method B described in the first paper of this series (5). One 
unit of colieine is defined as the least amount of substance per ml. which gives complete in- 
hibition of growth of E. coti B, when tested in the manner described. 
Colicine K  Neutralization  Tests.--Dilutions of  the antiserum to be tested were made in 
saline and 0.5 ml. of each was placed in a  series of tubes containing a  constant amount of 
colicine K  (200 3') in 0.5 ml. of saline. A control consisting of 0.5 ml. of colicine K solution and 
0.5 ml. of saline, was included  in each test. After 2 hours of incubation at 37°C. the tubes 
were stored at 5°C. overnight. The mixtures were shaken and a loopful of solution was removed 
from each tube and placed upon a  colicine assay plate. The latter was prepared by pouring 
upon a nutrient agar plate 2.5 mi. of molten (48°C.)  0.5 per cent nutrient agar which had been 
seeded with 5 X  107 ceils of E. coli B. The plate was incubated for 6 hours at 37°C.  and then 
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with the standard  test quantity of colicine (200 30 showed no inhibition of growth of the test 
organism. 
EXPERIMENTAL 
Agglutination Reactions of E. coli K~  L+OC+  and L_OC+ in A nlisera.wThe 
agglutination  reactions  of the  two  colicinogenic bacilli  used  in  these  studies, 
E. coli Ku~+OC+ and L_OC+, were first tested in an antiserum obtained from 
rabbits  which had been immunized with purified  colicine K.  In addition,  the 
TABLE I 
Agglutination Reactions of the Colicinogeni¢ Strains  of E. coli K2a6 in Antibacterial Sera 
and in Colicine K Antiserum 
Antiserum 
E. coli Ku~ L+OC+ 
E. coli K2:6L-OC+ 
Colicine  K 
Antigen tested 
L+OC+(1) 
L+OC+(h) 
L_OC+(1) 
L+OC+(1) 
L+OC+(h) 
L-OC+(1) 
L+OC+(1) 
L+OC+(h) 
L_OC+(1) 
.U 
Final dilution of antiserum 
2  0 
3 
3 
0 
3 
3 
0 
2 
2 
0 
2 
2 
0 
2 
2 
0  0 
1  0 
1  0 
0  0 
0  0 
½  o 
0  0 
0  0 
~4  o 
3,  complete  agglutination,  clear  supernate. 
~, end point. 
0, no agglutination. 
I,  Hving bacilli. 
h,  heated 1 hour at iO0°C,  before  testing. 
agglutination of the two strains in their respective antibacterial  sera was also 
studied. 
The agglutination  tests themselves were conducted as described above. In those instances 
in which heated  bacilli were employed, the saline suspension was first placed in a boiling 
water bath for 1 hour and then cooled before testing in the antiserum. 
The results of these tests,  presented in Table I, reveal that colicine K  anti- 
serum fails to agglutinate  the organism from which the colicine is derived  (E. 
coli K23~L+OC+),  and does so only after the bacteria have been heated. In fact, 
there  is  no appreciable  agglutination  of the  bacillus  either in its  homologous 
antibacterial  serum  or  in  one  elicited  by  the  variant  L_OC+  until  the  test 
organism has been subjected to the temperature  of boiling water.  The reason 736  COLICINE ~r. m 
for this resides in the fact that the L+OC+ bacillus possesses  a  thermolabile 
capsular substance, which can be readily seen in the electron microscope, and 
which we originally believed to be identical with one of the thermolabile L 
antigens described by Kauffmann (7). This was later shown to be colominic 
acid (14). It is this serologically inert substance (15) then, which forms a pro- 
tective coating about the L+OC+ bacillus and renders it inagglutinable. It is 
not until the colominic acid is destroyed by heating that the O antigen of the 
microorganism is revealed, and the bacillus becomes subject to agglutination 
by the specific O antibodies present in the antiserum. 
The L_OC+ bacillus behaves  in quite a  different manner. It agglutinates 
without heating because it does not have a protective layer of colominic acid 
TABLE II 
Precipitation of Colicine K in Antibacterial Sera and in Colicine K Anliserum 
Antiserum tested  I  1:2000 
E. coli Ka5 L+OC+ ..................  I  4 
E. coli K2,~ L_OC+  ..................  I  3 
Colicine K ..........................  I  4 
Final dilution  of test antigen 
1:10,000  1:50,000 
3  3 
3  3 
4  3 
1:250,000 
4, complete  precipitation, clear supernate. 
2, partial precipitation. 
(15).  It tOO agglutinates by virtue of the interaction of its surface 0  antigen 
with the O antibodies present in the antisera tested. 
The precipitin reactions of purified colicine K  in the three different antisera 
(Table II) are but a reflection of the agglutination reactions. It is seen that each 
serum, whether evoked by the L+O bacillus, its L_O variant,  or by purified 
colicine K  itself, contains specific  precipitins for  the coUcine.  Later, it will 
be shown that the  removal of all bacterial  agglutinins likewise removes the 
precipitins for colicine K, and hence it can be concluded that it is indeed the 
O  antibody which  is  both  the  specific  agglutinating immune body and the 
precipitating antibody as well. 
Quantitative  Precipitation  of Colidne  K  in  Homologous  Antiserum.--When 
examined in the Tiselius apparatus purified colicine K  is electrophoretically 
homogeneous and shows but one component when subjected to electrophoresis 
on a polyvinyl block (6). In order £o learn something of the nature of the anti- 
bodies precipitated by colicine K  and  of  the  components remaining in  the 
supernate  at  the  equivalence point,  a  quantitative study was made of  the 
precipitation of the colicine in homologous antiserum. 
Varying quantities  of colicine  K (12.5 to 400"f), dissolved  in 0.5 ml. of saline  and containing 
0.01 per cent merthiolate,  were pipetted into 10 ml. calibrated centrifuge  tubes. 0.5 ml. of a T. AMANO~  W. I~. GOEBEL~ AND  E. M. SMIDTH  737 
1:3 dilution of colicine K  antiserum was then added  to each. A series of controls was also 
prepared  which contained  the same amounts  of antigen and  saline.  In addition,  a  serum 
control containing 0.5  ml. of colicine antiserum  (1:3)  and  0.5  ml. of saline was included. 
All tests were made in duplicate. The content of all the tubes was now mixed, the tubes were 
stoppered, and then incubated at 37°C.  for 1 hour and at 5°C. for I  week. The tubes were 
agitated daily, and were finally centrifuged for 30 minutes at 2000 R.I~.~¢. at 5°C. The tubes 
containing the immune precipitates and  the control tubes were washed twice with 3 ml. of 
chilled saline and recentrlfuged at 5°C. Three drops of 0.S N NaO]~ were added and after the 
90 
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TExT-Fro. 1.  Quantitative precipitation of purified collcine K  by homologous antiserum. 
precipates had dissolved, the volume was brought to 2.5 ml. with saline. The antigen controls 
were also diluted to 2.5 ml. after the addition of three drops of 0.5 N NaOI-I. 0.S ml. aliquots 
of all samples were now analyzed for tyrosine by a modification of the Folin-Ciocalteu method 
(16). A calibration curve, using an antibody solution obtained by fractionating the antiserum 
at 50 per cent saturation with (NI-I4)2SO~ served as a  protein standard; from this curve the 
amount of precipitated antibody was ascertained. 
Since the antigen and the serum control both gave a slight color test with the Folin reagent, 
it was first necessary to introduce an appropriate correction factor. Thus, the optical density 
of the varying quantities of antigen and that of the serum blank, when subtracted from the 
optical density given by the immune precipitate, gave that of the precipitated antibody. By 
referring to the calibration curve, the amount of precipitated antibody nitrogen was then 
ascertained. In each instance the superuates of the colicine-anticolicine mixtures were tested 
for antigen and antibody excess, as well as for colicine K  activity. The results of this experi- 
ment are presented in Table Ill and in Text-fig. L 738  COLICXm~ r.  m 
From Table HI and Text-fig. 1 it can be seen that the activity of colicine K 
was  completely neutralized throughout  the entire range  of the precipitin re- 
action. Even in a  zone of antigen excess, when precipitating antibody was no 
longer present, there was no demonstrable colicine activity. In order to estimate 
the amount of neutralizing antibody remaining in the supernate at the equiva- 
lence point and in the region of slight antigen excess, the supernates were tested 
for their ability to neutralize additional colicine. 
Samples of I ml. of colicine antiserum (1:3) were placed in each of 2 tubes. To one was 
added 1 ml. of a colicine K solution containing 200 "y/ml. and to the other 1 ml. of a solution 
containing 400 3'/ml. The tubes were incubated for 2 hours at 37°C. and were then kept at 
TABLE III 
Quantitative Precipi~tion  Reaction  of Colicine K  in  Homologous Antiserum 
Antigen added 
t~g. 
12.5 
25.0 
50.0 
100.0 
200.0 
400.0 
Antibody  N 
precipitated 
jzg. 
30.0 
47.5 
61.2 
73.7 
78.7 
82.5 
Test on supernate 
Excess antigen and antibody 
Excess  antibody 
Excess antigen 
Trace antibody 
Excess antigen 
Collcine  activity 
0* 
0 
0 
0 
0 
0 
* No colicine  activity, complete neutralization. 
5°C. for I week. The mixtures were centrifuged in the cold and the supernates removed and 
diluted serially. To 0.5 ml. of each dilution was added 0.5 ml. of colicine K solution containing 
400 "y/ml.  A control was included in this experiment which  consisted  of tubes containing 
unabsorbed antiserum, diluted in exactly the same manner, to which colicine K  (400 "y/ml.) 
had been added. Both the tests and the control tubes were incubated at 37°C. and kept over- 
night in  the icebox. On  the  following day the mixtures were  tested  for neutralization of 
co]icine K. 
As  is  shown  in Table  IV,  it was  found  that  the  supernates  taken  at  the 
equivalence point  and  at  the  point of  slight  antigen  excess  still neutralized 
colicine K  to the same degree as did the control. 
From a comparison of the results presented in Tables HI and IV it is obvious 
that in order to precipitate 200,y of colicine it was necessary to use 26 times as 
much antiserum as it was to neutralize it. Thus,  the antibacterial activity of 
colicine K  was neutralized long before complete precipitation had taken place. 
It is for  this reason that  supernates  taken  at or in the neighborhood of the 
equivalence point showed  no  diminution in neutralizing antibody. There  are 
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ceivable  that  the  colicine K-neutralizing  antibody is  univalent,  and  hence is 
not  precipitated  by  the  antigen.  On  the  other  hand,  the  neutralization  of 
colicine K  might not involve an antigen-antibody reaction at all; it might in 
reality be a  destruction  of the agent brought about by serum protease,  for it 
has been well established  that the colicines are readily destroyed by proteolytic 
enzymes (17). Since colicine K  is thermostable,  it should be possible to heat a 
neutralized  mixture  of colicine  and  antiserum,  thereby  denaturing  the  anti- 
body and releasing  the colicine from the immune precipitate.  If the neutrali- 
zation of colicine is an enzymatic inactivation, however, the heating of such a 
mixture  would not  reactivate  the  antibacterial  agent.  In order  to  determine 
TABLE IV 
Titration  of Neutralizing  Antibody  in Supernates  at the Equivalence  Zone 
Superlmte tested 
A 
B 
Control 
1:20  1:40 
Final dilution of antiserum 
A, supernate  from 1.0 ml. of serum 
B, supernate  from 1.0 ml. of serum 
Control, unabsorbed serum. 
2, weak colicine activity. 
1, faint  "  " 
0, no colicine activity, complete  neutralization. 
1:60  1:80  1:100 
'1:3 dilution)  and 200  ~/colicine  K  in 1.0 ml. 
'1:3 dilution)  and 400  "r colicine K in 1.0 ml. 
whether  the inactivation of colicine K  by antiserum  is indeed a  specific anti- 
gen-antibody  reaction,  and  not  an  enzymatic  inactivation,  the  experiment 
described below was performed. 
Samples of 1 ml. of a saline solution of colicine K (200 "y/ml.) were placed in each of three 
tubes. To the first was added  1 ml. of a 1:40 dilution of colicine K antiserum.  To the other 
two tubes was added 1 ml. of broth. The tubes were incubated at 37°C. for 2 hours, and then 
overnight at 5°C. The tube containing the serum-colicine mixture was assayed for colicine K 
activity, but, of course, it had been completely neutralized  by the antiserum.  This  tube, 
together with one of the control tubes, was now heated for 15 minutes at 100°C. and the con- 
tent of each was serially diluted and then assayed for colicine activity. The third tube con- 
taining the unheated  colicine was also assayed. 
A  table need not be given. However, let it be said  that approximately half 
of the total colicine employed in the experiment could be recovered following 
denaturation  of  the  antibody  by  heating.  This  simple  experiment  demon- 
strated  conclusively that  the interaction  between  colicine K  and homologous 
antiserum is an antigen-antibody reaction,  and not an enzymatic inactivation 
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A  study was now made of the distribution and fate of the colicine activity 
throughout  the  entire  range  of  the  precipitin reaction  in  order  to  ascertain 
whether  colicine K  and  the  0  antigen  are  two  different  precipitinogens, or 
whether the colicine is a part of or bound to the 0  antigenic complex. 
The experiment was designed so that increasing amounts of colicine K  were 
added to a  constant amount of antiserum and the quantities chosen were such 
that at the beginning of the reaction there was excess antibody, and at the end 
a  sufficiently large  excess  of  antigen  to  insure  the  presence  of free  colicine. 
After incubation, the mixtures were tested for the presence of free colicine to 
ascertain  the  end  point of neutralization.  The  tubes  were  then  centrifuged, 
and both the precipitate and supernate were assayed for the amount of colicine 
present after heat inactivation of the antibody. The details are as follows:-- 
1.0 ml. of a saline solution of colicine K, in increasing concentrations,  was added to a series 
of tubes containing 1.0 ml. of diluted colicine K antiserum (1:10). A control tube containing 
1.0 ml. of the serum dilution and 1.0 ml. of saline was included. The tubes were incubated at 
37°C. for 1 hour and then kept at 5°C. for 4 days. At the end of this interval the tubes were 
tested for the presence of free colicine by spotting a drop of the mixture on a colicine assay 
plate. The tubes were now centrifuged,  the supernates were separated, and the precipitates 
washed  twice with saline,  followed each time by centrifugation.  Each superuate was now 
divided into three 0.5 ml. aliquots. The first was tested for excess antibody, the second for 
excess antigen, and the last, after heating, for free colicine. 
In order to liberate the colicine from the insoluble antigen-antibody complex the washed 
precipitates were resuspended in 2.0 ml. of saline and they too were heated at 100°C. for 10 
minutes.  The tubes were cooled, centrifuged,  and the supernates then assayed for colicine 
activity. A control tube containing  100 "f/mL  of colicine was also assayed both before and 
after boiling. It should be stated that the activity of the control tube, which contained 1 unit 
of colicine activity per 2 "y of substance at the beginning of the experiment, had deteriorated 
during the 4 day interval so that the activity was now 1 unit per 5 "f. Upon boiling the latter, 
further inactivation occurred and the boiled solution now showed one unit of activity per 10 ~/ 
per hal. 
In Table V  it can be seen that the precipitation reaction of colicine K  by 
homologous antiserum could be divided roughly into four distinct zones. The 
first (tubes 1  to 3) is the region of antibody excess. Here it will be seen that 
the  supernates  contain  both  precipitins and  colicine-neutralizing antibodies. 
The second zone  (tubes 4  to 7)  represents the equivalence point at which all 
precipitins haste been removed. However, there is still a  large amount of coli- 
cine-neutralizing antibody present in  the  supernates.  If the supernates  from 
the first two zones are boiled, they fail to show  the presence of any colicine. 
On the other hand when the washed immune precipitates are boiled, the coli- 
cine is released, as evidenced by the fact that activity reappears. In the zone 
of antigen excess (tubes 8 to 16), it is of interest to note that the neutralization 
of colicine continues  until  a  maximum  quantity of  1.6  rag.  has  been  added. 
This  is the end  point of complete neutralization by the  antibody and  is far 
beyond that  of complete precipitation. Here  too colicine activity can  be  re- T.  AMANO,  W.  1  ~.  GOEBEL,  AND  E.  M.  SMIDTH  741 
covered both from the boiled supemates  and from the precipitates  which are 
formed. 
The last zone (tubes  17 and 18) is also one of excess antigen. It will be seen 
that not all of the colicine has been inactivated because the neutralizing anti- 
body has finally been exhausted.  Very small amounts of jelly-like precipitates 
TABLE V 
Distribution of Colicine Activity after Precipitation o/ Colicine K  by Homologous Antiserum 
Tube 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
Coliclne 
added 
7 
10 
20 
30 
4O 
50 
75 
100 
150 
200 
4OO 
60O 
800 
1000 
1200 
1400 
1600 
1800 
2OOO 
Colicine K 
activity of 
mixture* 
Amount of 
precipitate 
formed:~ 
3 
3 
3 
4 
4 
4 
4 
4 
4 
3 
3 
2 
2 
2 
1 
1 
1 
1 
Test on supernates 
Excess antibody 
ct  ~ 
Trace antibody 
Equivalence zone 
~c  g¢ 
Excess antigen 
¢c  gc 
Colieine in 
precipitate 
7 
<20 
<20 
>20 
>20 
>20 
>20 
8O 
160 
32O 
64O 
320 
320 
Colieine  in 
supernate 
3' 
0 
0 
0 
0 
0 
0 
0 
<2O 
<2O 
80 
80 
160 
320 
320 
1280 
1280 
2560 
256O 
* 0,  complete  neutralization  of colicine K. 
1, slight colicine activity. 
1, partial precipitation. 
3, nearly complete precipitation. 
4, complete precipitation. 
are still found in these tubes,  and upon heating them free colicine is released. 
From this experiment it is quite evident that the O  antigen of E. coli K23~ and 
colicine K  activity are  precipitated  simultaneously from solution by colicine 
K  antiserum.  Thus  it  seems  justifiable  to conclude either  that  colicine K  is 
part of the antigen, or that it is in chemical combination with it. 
The Isolation  of a Non-Colicinogenic Mutant from  E. coli  K235L-OC+.--Al- 
though  it  has  not  been  possible  to  separate  colicine K  activity  from  the  0 
antigen of E. coli K2~L+OC+ and hence to procure an immune serum directed 
against  only  the  0  antigen  component,  this  objective  can  be  achieved  by 742  COLm~  K.  m 
other  means.  Many  attempts  were  made  to  obtain  from  the  colicinogenic 
strain  E.  coil  K~aL_OC+  a  non-colicinogenic variant,  for  such  an  organism 
should retain  its  capacity to synthesize  an O  antigen,  despite  the  loss of its 
ability to elaborate  colicine K. After much effort this was achieved.  For this 
purpose a  colicinogenic L_ variant of E. coli K~,L+OC+ was employed. 
A culture of the microorganism was grown overnight in nutrient broth. The bacteria were 
collected by centrifugation,  washed with saline, and resuspended in fresh salt  solution. 2.5 
mL of the suspension was placed in a sterile Petri dish and irradiated  with ultraviolet  light 
(15 watt General Electric germicidal lamp) at a distance of 50 cm. for 100 seconds. 0.04 ml. of 
the irradiated  suspension was spread on nutrient agar plates. The latter had been especially 
prepared by pouring 10 ml. of melted 1.5 per cent nutrient agar at 48°C. containing 0.2 ml. of 
colicine K antiserum,  upon 18 mi. of solidified nutrient agar. After incubating  the culture 
overnight the colonies which appeared  (100 to 200 per plate)  were replicated upon nutrient 
agar plates which had been pre-seeded with E. coli B (1 X  l0  s cells) in 10 mi. of melted 1.5 
per cent nutrient agar.  Both  the  original plate and the replica were now incubated  for 6 
hours at 37°C. Because of the presence of antiserum,  the amount of colicine which diffused 
from the numerous colicinogenic colonies was kept at a minimum  (2 to 3 ram.) and hence 
there was no overlapping of their inhibition zones. Those colonies which showed no zones of 
inhibition on the replica were subcultured from the original plate upon slants. These in turn 
were tested for colicinogenidty in the usual way. 
By  this  procedure  it  was  possible  to  examine  many  colonies  with  great 
rapidity. It was found that nearly all the colonies which had originally shown 
no inhibition  zones were  in reality  still  colicinogenic. After examining many 
hundreds, one colony, and only one, was obtained which was not colicinogenic. 
This  strain  was  termed  E.  coli  K2sr~L_OC_.  The  inability  of this  variant  to 
elaborate  colicine K  was established  by a  procedure recommended by Fr6d6- 
ricq  (18).  In addition,  it might  be  added  that  the  protoplasts  derived  from 
this microorganism were subsequently shown to be devoid of colicine K. The 
result  of this  experiment  is  to be  seen  in  Fig.  1.  The  photograph  shows  a 
nutrient agar plate. On its surface are two colonies each 16 hours old. That  on 
the right  is the colicinogenic microorganism E.  coli K235 L+OC+; on the  left, 
the  non-colicinogenic  variant  L_OC_.  The  plate,  which  was  first sterilized 
with  chloroform,  has  been  overlayered  with  the  test  organism  E. coli B. It 
will be seen very clearly that a  zone of inhibition  surrounds  the  colicinogenic 
colony; no such zone, however, surrounds the  colony of the  non-colicinogenic 
bacillus. Here indeed is proof that the latter produces none of the antibacterial 
agent. 
The  Immunological  Properties  of  the  Non-Colicinogenic  Microorganism  E. 
coli K~aL_OC_. 
Agglutination  reactions:  In  order  to  compare  the  serological  properties  of 
the non-colicinogenic strain of E. coli K,35 L_0C_ with those of the colicino- 
genie parent,  K235 L_0C+, both microorganisms were tested for their  aggluti- T.  AMANO,  W.  F.  GOEBEL,  AND  E.  M.  SMIDTH  743 
nation  reactions  in  homologous  and  heterologous  antibacterial  sera,  and  in 
colicine  I(  antiserum.  The  agglutination  tests  were  performed  in  the  usual 
manner using viable unheated cells as the test antigens. 
The results of these experiments (Table VI) reveal that there is no demon- 
strable difference in the antigenic structure of the parent colicinogenic strain 
E.  coli K~5 L_OC+ and  that  of the non-colicinogenic variant L_OC_.  Both 
TABLE VI 
Agglutination of E. coli K~5 L-OC_ and E.  Coli K=6 L_OC+ in Antibacterial Sera and in 
Colidne K A ntiserum 
Antiserum tested 
E. coli X¢s5 L_OC_ anti- 
bacterial 
E. coil Ku~ L_OC+ anti- 
bacterial 
Colicine K antiserum 
Antigens E. 
¢oli Ksn 
L_OC_ 
L_OC+ 
L_OC_ 
L_OC+ 
L_OC_ 
L_OC+ 
Final dilution of antiserum 
,° 
3  2 
3  3 
3  2 
3  2 
3  2 
3  2 
2  1 
2  1 
1  1 
1  1 
2  1 
2  1 
1  ½ 
1  0 
½  o 
½  o 
t  % 
½  o 
TABLE VII 
Agglutination Reactions of E. coli K~s L_OC+ in Coliclne K  Antiserum  Absorbed 
witk E. coli K~5 L_OC_ 
Antigen E. coll Kni 
Final dilutions of antiserum 
I 
1:10  1:50  1:I~  [  1:5~  1:2500  1:125~ 
,_OC+..  0  0  0  0  0  0 
,_OC_.  0  0  0  0  0  0 
0, no agglutination. 
microorganisms are  agglutinated  to  the  same  extent  and  with  the  same in- 
tensity in heterologous  antisera.  In addition,  both strains agglutinate to the 
same titer in colicine K  antiserum, indicating that each possesses the same or 
nearly  identical  O  antigens.  The  fact  that  both  strains  have  a  common O 
antigen is further substantiated by the data presented in Table VII in which 
it  is  seen that  colicine K  antiserum,  when  absorbed with  heterologous  non- 
colicinogenic  bacilli,  fails  to  agglutinate  the  parent  bacillus.  Furthermore, 
such an absorbed serum, as will be seen below, has not been deprived of its 
colicine-neutralizing antibodies. 
The  non-colicinogenic  strain  of E.  coli  K2s5 has  certain  other  interesting 744  COLICINE K.  III 
characteristics. It is completely resistant both to the action of purified colicine 
K  and to phage Te. The bacillus carries at least two temperate phages which, 
superficially at least, appear to be identical with those present in the parent. 
These viruses have not been investigated. 
Precipitation reactions: A  crude preparation of the O antigen (cf. Materials 
and Methods) was obtained from the culture medium in which the non-coli- 
cinogenic  bacillus  was  grown.  This  material  was  not  extensively purified. 
However, the  impure  substance  had  analytical properties  typical of a  lipo- 
carbohydrate-protein complex and was therefore used as a  test antigen in the 
protocol presented in Table VIII. 
TABLE VIII 
Precipitation of Purified  Colicine K  and  of  tke  Crude 0  Antigen  of E.  coli K2.~ L-OC_ 
in Homologous and Heterogeneous  A ntisera 
Antiserum 
E. coli  Kus  L_OC- 
Colicine K 
Antigens tested 
C- 
K 
K 
C_ 
1:2000 
Final dilution of test antigen 
1:10,000  1:50,000 
3  3 
2  3 
4  3 
4  3 
1:250,000 
K, purified colicine  K. 
C_,  crude 0 antigen derived from E.  toll  K**6 L_OC_. 
It is seen that the partially purified O  antigen derived from the non-coli- 
cinogenic organism,  as  well  as  the  antigen  obtained  from  the  colicinogenic 
strain (purified colicine K), reacts in the non-colicinogenic antibacterial serum 
as well as in the serum prepared against purified colicine K  itself. It should be 
noted that the reactions in the antibacterial serum are not as vigorous as are 
those in colicine K  antiserum because the latter is more potent; i.e.,  it con- 
tains  a  much higher concentration of precipitable antibody nitrogen.  Cross- 
absorption experiments were also performed in which  the  antiserum elicited 
by the  non-colicinogenic bacillus  was  absorbed with  purified  colicine K,  in 
order to remove precipitins. When the absorbed serum was subsequently tested 
with the homologous antigen  (i.e. the antigen derived from the non-colicino- 
genic  bacillus)  there  was  no  precipitation  whatsoever.  A  protocol  of  this 
experiment need not be presented here. Let it suffice to say that the experi- 
ment shows that the two antigens are immunologically indistinguishable. 
From that which follows, it will be seen that when purified colicine K  reacts 
with  the  non-colicinogenic antibacterial  serum,  which  contains  no  colicine 
neutralizing antibodies, all colicine activity is precipitated. T.  AMANO,  W.  F.  GOEBEL, AND E.  M.  SMIDTH  745 
One ml. samples of colicine K containing 10, 20, 100, and 200 7  (in water) were pipetted 
into 10 ml. conical centrifuge tubes, and to each was added 1 ml. of E. coli K2~L_OC_ anti- 
serum at 0°C. Control tubes containing the same amount of colicine K in distilled water and 
1 ml. of broth were included in the experiment. After standing for 48 hours at 5°C. the tubes 
were centrifuged in the cold and the supernates removed and assayed for colicine activity 
both before and after heating. In addition, an aliquot of each supemate was tested for antigen 
and antibody excess. The control tubes were also assayed. 
The precipitates were washed twice with 2 ml. of chilled saline to remove traces of un- 
precipitated colicine and were then resuspended in 0.5 ml. of saline. A loopful of each suspen- 
sion was now placed upon a colicine assay plate.  After incubation the test plates  showed 
spotted areas where the suspension had been placed. The areas resembled phage-like plaques, 
and were caused by the particulate  matter in the immune precipitate which contained un- 
neutralized colicine bound to the precipitating antibody. If a solution of colicine K antiserum 
TABLE IX 
Distribution  of Colicine  K  in  the  Reaction  Mixture  Between  Coticine  K  and  E.  coli 
K~I~ L-OC_ A ntiba~terial Serum 
Tube  No.  Colicine  added 
"r 
200 
100 
20 
10 
Colicine  remaining  in supernate 
Before heating  After heating 
6.0  0 
3.0  0 
<1.5  0 
<1.5  0 
Colicine recov- 
ered from pre- 
cipitate 
"r 
96 
48 
20 
10 
Test on supernate 
No antigen or anti- 
body present 
Trace antibody 
Excess antibody 
was now added to the suspended precipitate,  the ability to form these phage-like areas was 
destroyed, because of the neutralization of the colicine. 
The suspended predpitates were now diluted to 2 ml. with broth and heated for 10 minutes 
in a boiling water bath. They were then centrifuged and the supemates containing dissociated 
colicine were assayed for activity as were the controls. 
The results of this experiment, given in Table IX, show that when purified 
colicine K  and the antiserum elicited by the non-colicinogenic  bacillus g. coli 
K236 L_OC_  interact,  practically all  of  the  colicine activity is  precipitated 
without being neutralized. When the specific precipitates are heated at 100°C., 
the antibody protein is denatured and colicine is liberated from the insoluble 
complex. The recovery is not complete, however. The reason for  this is not 
fully understood. It should be emphasized that there is no neutralization of 
colicine activity by the non-colicinogenic  antiserum. The substance is simply 
precipitated.  If  neutralization had  occurred,  then  the  immune precipitates, 
when spotted on a colicine assay plate, would not have killed the test organism 
E. coli B. When a similar experiment was performed with colicine K  antiserum, 
however,  it yielded immune precipitates  which  were  entirely devoid of  any 
ability to form plaque-like areas when placed upon colicine assay plates. 746  COLICI~ K.  HI 
It will also be seen in Table IX that the supernates  obtained after  centri- 
fuging off the  immune precipitates  showed the presence of small  mounts  of 
colicine.  The  amount,  however,  was believed  to be  exaggerated  and  for  the 
following reason. Mammalian sera contain a factor which enhances the activity 
of the colicines (19). The small quantity of colicine detected in the supernates 
appears, therefore, to be more than is actually present because of the presence 
of this factor. When the supernates are boiled,  the factor is destroyed but the 
colicine is not, and its titer is now so low as to be undetectable.  The fact that 
these  same supernates  show little  or no activity after  heating  is further  evi- 
dence that all of the added  colicine had been precipitated  by the  antiserum. 
Had  any remained  in  the  supernate  as  a  soluble  antigen-antibody  complex, 
the  antibody would have been denatured  and  free colicine would have been 
TABLE X 
Titration of Neutralizing Antibody in Colicine K Antiserum Absorbed with E. coli Km L_OC_ 
Final dilution of antiserum 
Serum 
1:20  1:30  1:40  1:50  1:60  1:80  1:90  1:100  1:120 
T  0  0  0  0  0  0  1  2  2 
C  0  0  0  0  0  0  0  1  2 
T, colicine K  antiserum  absorbed with g. cdi K~ L_OC_. 
C,  unabsorbed  colicine K  antiserum  (control). 
O, no colicine activity; complete neutralization. 
liberated. The experiment demonstrates unequivocally that the immune serum 
elicited  by the non-colicinogenic bacillus E. coli K23s L_OC_,  which contains 
only anti-O  immune  bodies,  precipitates  purified  colicine K  completely but 
leaves it still active and unneutralized  in the  immune precipitate. 
The Nature  of the Neutralizing  Antibody  in Colicine K  Antiserum.--It  has 
been established  that E.  coli K235 L_OC_ does  not  elaborate  colicine K  and 
that it contains an O  antigen  which is  apparently  identical  with  that of the 
colicinogenic strain  E.  coli K~3s L+OC+.  If one were  to absorb  an  antiserum 
evoked by purified colicine K  with non-colicinogenic bacilli,  then it should be 
possible  to  obtain  an  antiserum  devoid  of O  antibodies  but  still  containing 
colicine neutralizing antibody. 
Four nil. of anti-colicine serum was repeatedly absorbed with living L_OC_ bacilli obtained 
from a culture grown in 300 ml. of nutrient broth. It was necessary to repeat the absorption 
eleven times in order to obtain a serum which showed no agglutination  of the L_OC_ cells 
when tested at a dilution of 1:10. 
A series of dilutions of the absorbed serum were now prepared  (1:10, 15, 20, 25, 30, 40, 45, 
50, and 60). To 0.5 ml. of each was added 0.5 ml. of saline solution of colicine K containing 
200 T- As controls, a series of dilutions of unabsorbed serum was employed which had been 
diluted in the same manner and which contained the same amount of colicine. The tubes were 
now incubated  at 37°C. for 2 hours and stored in the refrigerator overnight. After recording T. AMANO,  W. F. GOEBEL,  AND E. M. SMIDTH  747 
the precipitation reactions, the mixtures were tested for the presence of colicine  in the usual 
manner. The results are shown in Table X. 
Though not indicated in the table,  those tubes which  contained absorbed 
serum gave no precipitation, as one would expect. In the control series, how- 
ever, precipitation was visible in the first three tubes, but not in the remain- 
ing tubes because of the  high  dilution  of antiserum  employed. In  so  far  as 
their ability to neutralize colicine K  is concerned, however, there was no sig- 
nificant difference in the sera contained in the  two series of tubes. The table 
reveals that both the absorbed and the unabsorbed sera still neutralized the 
colicine at a  final dilution of approximately 1:80.  The results of these experi- 
ments show clearly tha  t  the neutralizing antibody present in colicine antisera 
cannot precipitate colicine K. The reason for this will be discussed later. 
Gel  Precipitation  Experiments.--Although  chemically  purified  colicine  K 
appears to be homogeneous when examined by electrophoresis, or when sub- 
jected to electrophoretic separation on a polyvinyl block (6), it was desirable 
to study its precipitation reactions by the agar diffusion technique in order 
to  determine  whether  impurities,  otherwise  tmdetectable,  might  not  be 
present. 
A solution  of purified  eolicine  K (2 mg./ml.) was first tested against unabsorbed  homologous 
colicine K antiserum as well as against this same serum absorbed with non-coliduogenic 
E. coli K2~L_OC_, in order to remove O antibodies. The plate was incubated at 37°C. for 
7 days and then photographed. The results of the agar diffusion tests are presented photo- 
graphically in Fig. 2. 
It will be seen from Fig. 2 A that purified colicine K  gives two distinct pre- 
cipitin lines when tested against homologous antiserum. The first, nearest the 
antigen well 1,  is sharp and intense; the other, nearest the serum well 3,  is 
diffuse and faint. It is also noteworthy that lines are not observed between 1 
and 2, indicating that absorbed colicine K  antiserum is devoid of precipitins 
for the purified antigen,  though  it does retain its neutralizing antibodies as 
previously described. The lines which appear between 2 and 3  are caused by 
the precipitation of the excess O  antigen present in the absorbed serum and 
which had been liberated from the non-colicinogenic bacilli K~5 L_OC_ used 
in  the absorption experiment. 
A comparison was also made of the precipitin lines shown by purified colicine 
K  and its homologous antiserum with those produced by the O antigen derived 
from the  non-colicinogenic bacillus  (Fig.  2 B).  The latter gives two distinct 
lines; one is sharp (the line nearest to well 3) and the second (closest to well 1) 
is diffuse. Both lines fuse with those given by colicine I( (well 2) and without 
the formation of spurs. 
An additional experiment was performed in which a  comparison was made 
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strain E. coli K8C_,  (Fig. 2 C) using colicine  K  antiserum. Again colicine K 
produces its two typical lines (between 1 and 3). It should be noted that the 
faint diffuse line near well 1 fuses with that given by the crude E. coli K8C_ 
antigen in well 2. Although photographs are not shown, it may be stated that 
identical results were obtained when the antigen of E.  coli  K8C+ was em- 
ployed, and that when the antigen of E. coli K8C_ and that of K8C+ were 
tested  against one another,  using colicine K  antiserum,  identical precipitin 
patterns, without spur formation, were seen. 
From the studies presented earlier in this communication it is clear that 
colicine K  is intimately associated with the O antigen of E. call K~5. The re- 
sults of the  agar diffusion experiments confirm this and reveal furthermore 
that the intense line observed when colicine 1( is tested against its own anti- 
serum must be attributed to an interaction between the colicine-containing O 
antigen and  its  homologous antibody.  Similarly,  the  second diffuse line  of 
precipitation must be  attributed  to  the presence  of a  minor antigen which 
seems to bear no relationship to colicine K  itself because the non-colicinogenic 
heterologous antigen derived from E. coli K8C_ also gives this line. Finally, 
it may be said that the colicine K  neutralizing antibodies are not capable of 
precipitating purified colicine K. 
Additional experiments were undertaken in order to elucidate the nature of 
the neutralizing antibody, using as the precipitinogen the colicine-rich protein 
component obtained by dissociating purified colicine K  with phenol  (6).  If 
the neutralizing antibody is indeed univalent, which our initial experiments 
have led us to believe,  then the colicine protein should not form a  zone of 
precipitation when tested against a  colicine antiserum devoid of O antibody. 
The colicine K  protein component was first tested against its homologous 
antiserum and against a  colicine K  antiserum which had been absorbed with 
non-colicinogenic E.  coli  K2u L_OC_  bacilli.  In  Fig.  2 D  will be  seen  two 
diffuse precipitation lines between the colicine protein (well 3) and its homolo- 
gous  antiserum.  Surprisingly enough,  when  the  protein  was  tested  against 
colicine K  antiserum from which O antibodies had been removed (well  1),  a 
line of precipitation was also formed. This line, moreover, was connected to 
one of those formed by the protein and its homologous antiserum. This result 
was unexpected and might be explained by the fact that in the test the relative 
concentration of colicine protein was greater  than in the  test where undis- 
sociated colicine K  was  employed. For this reason,  therefore, the  test with 
colicine K  at higher concentrations was repeated, using the absorbed serum. 
Again no zone of precipitation  could be  seen  even when the  undissociated 
colicine was employed at a concentration of 10 mg./ml. From this it is apparent 
that, although colicine K  itself is not precipitated by the neutralizing anti- 
body, its protein component is. In so far as we know the antiserum elicited by 
colicine K  which has  been  absorbed  with  non-colicinogenic bacilli  contains T.  AMANO,  W.  ]~.  GOEBEL~  AND  E.  M.  SMIDTH  749 
only neutralizing antibody. In view of this observation it is therefore no longer 
tenable to assume that the colicine K  neutralizing antibody is univalent. 
Immunological  Relationship  between the  Coil-Dysentery  Phage  Ts  and  Coli- 
cine K.--There  are numerous  reasons  for believing that  the colicines bear a 
relationship to the bacteriophages (19).  In the case of colicine K  it has been 
shown  that  the  resistant variants  of colicine-susceptible cells axe  invariably 
resistant to the coli-dysentery phage Tr. If this virus and colicine K  are indeed 
TABLE XI 
Neutrdi~ffon ~s~ ~ Co~ineK 
Antiserum tested 
Final dilution of antiserum 
1:20  1:40  1:80  1:560 
t  .  4  4  4  4 
:o~cine K  0  0  0  0 
1:320  1:640  1:1280 5:2560  1:5120  1:I0,24~ 
4  4  4  4  4  4 
0  0  0  1  2  3 
0,  complete neutralization of colicine  K  (53' or 2  units). 
2, partial neutralization of colidne K. 
4,  no  demonstrable neutralization of colicine  K. 
TABLE XlI 
Neutralization Tests of I'6 Bacteriophage 
Antiserum  Final dilution of antiserum 
tested  1:20"  1:40  I:~D  1:160  1:320  5:640  5:1;S0  1:2560  1:5520 i~1:20480  1:40960 
Coliclne  K  1.4  1.2  1.4  5.3  1.4  5.4  5.4  1.3  1.3  1.4  1.4  1.3 
X  I0'*  X  504  X  50'  X  10'  X  10~  X  50*  X  50  d  X  IO*  X  50  d  X  10'  X  i0  ~  X  I0' 
Te  0  0  0  0  0  0  0  10  10  60  420  11.5 
I  X  lOa 
O, no phage, complete neutralization. 
*~  the numbers in  the columns  indicate the  viable Ta  phage recovered per milliliter. The control tube, to which 
no anUserum had been added, contained  5.4  X  10~ P/ml. 
related, one would expect their antisera to show serological crossing. Thus, T6 
antiserum should  neutralize colicine K  and  the  colicine antiserum  should  in 
turn neutralize the phage. That this is not the case, however, will be seen from 
the following. 
Serial dilutions of T8 phage antiserum were made and to each (0.5 ml.) was added 0.5 ml. 
of broth containing 5 7  (2 units) of colicine K. The tubes were incubated at 37°C. for 2 hours 
and then tested for the neutralization of the colicine K  by spotting upon a colicine assay 
plate. A control series of tests was included which consisted of varying dilutions of colicine K 
antiserum to which had been added 5 7 of the colicine. 
The results of these tests are presented in Table XI in which it is to be seen 
that  the  antiserum  to  T6  phage  fails  completely to  neutralize  the  colicine. 750  COLICINE  K.  Ill 
The colicine antiserum, on the other hand, neutralizes the colicine at a  very 
high dilution as one would expect. 
A  similar experiment was performed using T6 phage  (2.8  X  10' P/ml.) as the test sub- 
stance. After 2 hours incubation at 37°C., the content of each tube was assayed for phage. 
The  results,  given in  Table XII,  again reveal  that  only the  homologous 
antiserum' neutralizes  the virus  and  that  the  colicine  antiserum is  without 
effect. From these experiments it is obvious that these two agents which have 
certain points of similarity, cannot be presumed to be related either chemically 
or immunologically. 
DISCUSSION 
The chemical evidence concerning the nature of colicine K all points to the 
fact that this biologically active agent forms a  part of the O  antigen  of E. 
coli K~35 and that colicine activity can be separated only by employing degra- 
dation procedures  which bring about dissociation of the  antigenic complex. 
In the experimental work which has been presented here evidence of quite a 
different nature has been brought to bear which fully substantiates this hy- 
pothesis. The isolation of a  non-colicinogenic variant of E.  coli  K23~, which 
elaborates an O antigen apparently identical with or very similar to that of 
the  colicinogenic parent,  has  been  a  valuable  tool  for  serological  analysis. 
Thus it was shown that the specific O antibodies elicited by this bacillus com- 
pletely precipitated the colicine K  containing antigen of E. coli K~36 together 
with all colicine activity. 
At first sight this would appear to be conclusive evidence that colicine K 
and the molecular complex which constitutes the O antigen are one and the 
same. Persuasive though this evidence is, one must not lose sight of the possi- 
bility that the colicine  might still be a  separate molecular structure which is 
in chemical combination with the true O  antigen of colicinogenic bacillus. 
If the specific  precipitins are removed from a  colicine K  antiserum by ad- 
sorption with non-colicinogenic microorganisms, there remains in the super- 
nate  a  non-precipitating  colicine  K  neutralizing  antibody.  This  antibody 
appears, at first sight, to be univalent for it is not precipitated from solution 
by the addition of purified colicine K either in the test tube or in agar diffusion 
experiments.  However,  if in  the latter experiment the colicine-protein com- 
ponent is used as a precipitinogen, a zone of precipitation can be seen. Purified 
colicine K  itself, when tested against homologous antiserum, gives two zones 
of precipitation one of which was  shown to  be  caused by a  contaminating 
substance, possibly a protein, which was also present in the non-colicinogenic 
bacilli, E. coli KSC_ and in E. coli K~5 L_OC_. 
The fact that purified colicine K  itself fails to precipitate the neutralizing 
antibodies  in  an  absorbed  serum  and  that  the  colicine protein  component 
does, appears to be paradoxical and we are unable at present to offer an  ex- T.  AMANO,  W.  1  ~.  GOEBEL~  AND  E.  M.  SMIDTH  751 
planation.  It  is  our  belief however  that  the  precipitating  and  neutralizing 
antibodies elicited by colicine K  are evoked by different specific groups pres- 
ent in the colicine antigen molecule. The precipifins are thought to be oriented 
by the lipocarbohydrate component of the O antigen, whereas the neutralizing 
antibodies are believed to be directed toward the colicine protein component. 
In so far as the neutralization of colicine 1( by homologous antiserum is 
concerned, it should again be pointed out that both normal rabbit and human 
sera contain an agent which enhances the activity of the colicine (19).  This 
substance apparently does not interfere with the neutralization experiments 
described earlier in this communication however; for, even though the factor 
might enhance the  activity of the  colicine,  the  fact remains that  the anti- 
bodies present in the serum neutralize it completely and at very high dilutions. 
In regard to the immunological relationship between phage Te and colicine 1(, 
it  should be  emphasized  that  the  cross-neutralization experiments have  re- 
vealed unequivocally that no such relationship exists. The tail protein of the 
virus  and  the  colicine can  therefore not be  thought of as  sharing common 
determinant groups (4 (a)). 
In conclusion, it should be stated that the final identification of colicine K 
must await the separation of the components present in the protein fraction 
obtained from the  dissociation of purified colicine K. When  this  is  accom- 
plished  the complete characterization of this remarkable antibacterial agent 
will have been achieved. 
SUMMARY 
By immunological means it has been shown that colicine K  is associated 
with the O antigen of the colicinogenic bacillus E. coli 1(235 L+OC+. 
The  colicine K-O  antigen complex  elicits  the  formation of  at  least  two 
types of antibodies, one a precipitin, the other a colicine-neutralizing antibody. 
The first precipitates colicine K  without neutralizing it, the second neutralizes 
the  colicine  without precipitating  it. 
Unlike the purified colicine 1( complex,  the colicine protein component of 
the O antigen is precipitable by the neutralizing antibody. 
There is no demonstrable serological relationship between colicine K  and 
phage T6. These two agents must be considered to be separate and distinct 
entities. 
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FIG. 1. A comparison  of the inhibition  of growth of E. coli B by a  colicinogenic 
(b)  and  a  non-colicinogenic  (a)  colony of E.  coli K~5. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL. 108  PLATE  46 
FIG.  1 
(Amano et a/.: Colicine  K. III) A 
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FIG. 2.  Gel precipitation reactions of colicine K  and  of colicine K  protein 
1--Colicine K  antigen  C  1--Colicine K  antiserum 
2--Colicine K  antiserum  absorbed  2--Crude  antigen  of  non-colicino- 
with non-colicinogenic E.  coli  genie E. coli KsC_ 
K235 
3--Colicine K  antiserum  3--Colicine K  antigen 
1--Colicine K  antiserum 
2--Colicine K  antigen 
3--0  antigen  of  non-colicinogenic 
E. coli K2a5 
D  1--Colicine  K  antiserum  absorbed 
with  non-colicinogenic E.  coli 
K23~ 
2--Colicine K  protein antiserum 
3--Colicine K  protein antigen THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL. 108  PLATE  47 
FIG. 2 
(Amano eta/.:  Colicine  K. III) 